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by Kathleen Kreiss*
Mean serum levels ofpolychlorinated biphenyls (PCBs) in U.S. population groups without occupational
exposure to PCBs are usually between 4 and 8 ng/mL, with 95% of individuals having serum PCB
measurements of less than 20. Subpopulations consuming fish taken from contaminated waters, such as
Lake Michigan and near friana, AL, have mean serum PCB levels several times those found in other
general population groups and ranges that extend into concentrations found in industrial populations
involved in capacitor manufacture. Two studies of general populations and several studies of industrial
workers have demonstrated associations of PCBs with various serum lipids and liver enzyme levels. Six
groups of investigators have found associations between PCB or chlorinated pesticide levels and blood
pressure. Research efforts are needed in clarifying determinants of serum-adipose partition ratios; the
utility ofurinary porphyrins as a measure ofsubclinical hepatic effects; human metabolites and excretion
of chlorinated hydrocarbons; and the relation, if any, between blood pressure and organochlorine
compounds when controlled for confounding variables. Established cohorts, such as those in Triana, Lake
Michigan sportsfishers, the Michigan PBB cohort, residents of farms with PCB-lined silos, and
occupational groups, could all be studied further with attention to these research questions.
In 1966, Jenson (1) first described the contamination
ofwildlifebypolychlorinatedbiphenyls. Sincethattime,
many investigators of human populations have docu-
mented the presence of PCB residues in human popu-
lations which are not known to have occupational
exposure to this family of compounds. The sources of
general population exposure in the past were diverse.
Inattention to adequate disposal or destruction ofPCB-
containing materials led to ambient air, water, and soil
pollution. In addition to ambient pollution by discarded
transformers, capacitors, and industrial PCB wastes,
such PCB-containing materials as carbonless duplicat-
ing paper contributed to population exposure by reuse
in cardboard used in packaging food stuffs. PCB-con-
taining coatings ofsilo interiors also led to food contam-
ination when dairy and other cattle ingested PCBs that
had leaked from silo walls into their silage feed. These
two sources of human food contamination have been
eliminated for the most part.
At the present time, general population exposure to
PCBs is limited primarily to the consumption offish (2).
Levels ofPCBs in fish taken from contaminated water-
ways reflect the successive bioconcentration of these
widespread contaminants in the food chain. Fish taken
for personal consumption by sportsfishers on Lake
Michigan invariably have PCB concentrations which
exceed the 5 mg/kg tolerance set by the Food and Drug
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Administration for fish sold in interstate commerce.
Whether the PCB body burdens accumulated by
sportsfishers, or the lower burdens accumulated by the
general population, have health implications is an in-
quiry of substantial public health interest.
General Population Levels of PCBs
No cross-sectional data concerning serum PCB levels
exist forarepresentative sample ofthe U.S. population.
Various groups of persons have had serum PCB mea-
surements performed in the course ofinvestigations of
pesticide residues, food chain contamination, hazardous
waste sites, and occupational exposures in which a
nonexposed comparisonpopulationwasnecessary(Tables
1 and 2).
Conclusions from these reports concerning back-
ground population PCB levels are limited because of
differences in analytical methodology, method of pop-
ulation selection, and method of data reporting. For
example, thefirstreportofPCBlevelsinalargenumber
of persons (3) found measurable PCB residues in only
43%of616volunteers fromCharlestonCounty, SC, who
gavebloodsamplesin 1968. However, nodetection limit
for the analytical method was specified, and the 4.9 ng/
mL mean of measurable samples remains difficult to
interpret. Inaddition, mostpublished investigations re-
port arithmetic means for PCB concentrations despite
the invariable documentation of a skewed distribution
by comparison with the reported range. The geometricK. KREISS
Table 1. Serum polychlorinated biphenyl (PCB) concentrations in U.S. populations without occupational exposures, 1968-1983.
PCB level, ng/mL
Arithmetic 95%
Area and Number of Arithmetic Geometric standard confidence
sampling method subjects Year mean mean, mediana deviation interval Range Reference
Charleston County, SC,
volunteers 616 1968 4.9 - - - 0-29 Finklea (3)
Lake Michigan random
nonfisheaters 29 1973 17.3 i5a < 5-41 Humphrey (4)
Bloomington, IN, volun-
teers and controls 110 1977 18.8 - 10.8 17-21 6-79 Baker (5)
Michigan PBB
cohort 1631 1978-9 7.7 6.4 < 1-57 Kreiss (6)
Billings, MT, random
packinghouse workers 17 1979 7.5 5.8 6.8 4-11 2-30 CDC (7)
Franklin, ID,
volunteers 105 1979 - - - - < 5 CDC (7)
Random unexposed
workers 19 1979 12 10-27 Chase (8)
Newton, KS,
volunteers 7 1979 4.9 4.2 3.1 2-8 2-11 CDC (9)
Lake Michigan random MI Dept.
nonfisheaters 418 1980 6.6a < 3-60 Health (10)
Canton, MA, MA Dept.
volunteers 10 1980 7.1 5.2 5.2 3-11 1-18 Health (11)
Old Forge, PA, PA Dept.
volunteers 138 1981 3.6 - - - < 343 Health (12)
Jefferson, OH,
volunteers 59 1983 5.8 4.4 6.5 4-8 1-45 CDC (13)
Fairmont, WV
volunteers 40 1983 6.7 5.0 5.3 5-8 1-23 CDC (13)
Norwood, MA, MA Dept.
volunteers 990 1983 4.9 4.2 3.5 4-6 2-30 Health (11)
aMedian.
¶Nble 2. Serum polychlorinated biphenyl concentrations in U.S. populations consuming PCB-contaminated fish.
PCB levels, ng/mL
Arithmetic 95%
Area and Number of Arithmetic Geometric standard confidence
sampling method subjects Year mean mean, median deviation interval Range Reference
Lake Michigan 90 1973 72.7 56a 25-366 Humphrey (4)
volunteer sportsfishers
Tiana, AL, 458 1979 22.2 17.2 22.3 20-24 3-158 Kriess (14)
volunteers
Lake Michigan 572 1980 - 21.4a < 3-203 MI Dept.
volunteer sportfishers Health (10)
New Bedford, MA, 11 1981 31.4 23.6 29.3 13-50 5-101 MA Dept.
volunteers Health (11)
aMedian.
mean or, in some instances median, is abettermeasure
of central tendency in this circumstance. Finally, few
conclusions can be drawn about the population from
which volunteers come forward unless the volunteers
represent a large portion ofthe available population or
volunteer forreasons independent offactors influencing
PCB levels.
The studieswhicharemostvaluableinreflectinggen-
eral population PCB levels are those in Michigan resi-
dents: large numbers ofpersons (N = 1631) in the PBB
cohort, chosen independent of exposure to PCBs, had
a geometric mean PCB level of 6.4 ng/mL in 1978 or
1979 (6). More recently, a sample of 418 persons con-
tactedthrough randomdigit dialingofseveral Michigan.
telephone exchanges (who consumed less than 6 lb of
fish peryear), had a median serum PCB level of6.6 ng/
mL (10). Small groups of randomly chosen workers
without occupational exposure to PCBs corroborate
these low average levels. Chase et al. (8) found a mean
levelof12ng/mL in agroupof19workersinthe eastern
U.S. ACentersforDiseaseControl(CDC)investigation
(15,16) found that 17 randomly selected packing house
workers in Billings, MT, without exposure to materials
contaminated by aleakingtransformer, had an average
level of 7.5 ng/mL.
Some nonurban ornonindustrialized populations may
194POPULATIONS EXPOSED TO PCBS
4 ~~~~~~~~~~~~~~~~~(24)
(34) (40)
AGE GROUP (YEARS)
FIGURE 1. Polychiorinated biphenyl (PCB) levels in serum speci-
mens, by age group and sex, Triana, AL, May 1979.
have serum PCB levels that are even lower: more than
100 volunteers in and near Franklin, ID, had PCB levels
below the 5 nglmL detection limit of the Idaho state
laboratory (7). This finding is reminiscent of the early
work in South Carolina, as is the finding that 58% of
138 residents around a contaminated electric company
site had PCB levels below a detection limit of 3 ng/mL
(12). Other unpublished data from the Centers for Dis-
ease Control concerningserum PCB levels in volunteers
with residential proximity to hazardous waste suggests
average levels of4 to 7 ng/mL with 95% ofserum values
falling below 20 ng/mL (13). In investigations of such
volunteers in Jefferson, OH (13); Fairmont, WV (13);
Canton, MA (11); and Newton, KS (9); noplausible route
ofexposure to PCBs was apparent, and the few persons
with serum PCB levels higher than 20 ng/mL usually
had occupational or food chain exposure. In Norwood,
MA, the Commonwealth's Department ofPublic Health
(11) found 90 volunteers nearahazardous waste disposal
site to have an average serum PCB level of4.9 ng/mL,
with 95% of values being less than 10 ng/mL.
Serum PCB Levels among
Fisheaters
Since fish consumption is the major source ofgeneral
population exposure to PCBs, special attention to
sportsfishers catching from heavily contaminated fish
populations has beenjustified. In 1973, Humphrey drew
blood samples from 90 persons who consumed 24 lb/year
or more offish taken from Lake Michigan (4). The mean
PCB level was 73 ng/mL, more than 4-fold the level in
persons who consumed no fish, with a range of 25 to
366 ng/mL. An expanded study (10) of 572 Michigan
sports fishers (consuming more than 24 lb of fish/year,
median 38 lb) in 1980 showed a considerably lower me-
dian level of 21.7, with a range of < 3 to 202.7 ng/mL.
This median value was 3.2-fold higher than that for a
comparison group of persons consuming less than 6 lb
of fish/year. Unfortunately, the analytical methods for
PCBs in the two studies did not give comparable results
and comparison of serum PCB measurements for indi-
viduals who participated in both 1973 and 1980 surveys
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FIGURE 2. PCB levels in serum specimens, by age group and sex,
Michigan, 1978-1979.
is not possible. Nonetheless, the identification of this
largecohortoffisheatersandrandomlyselectedcontrols
provides future opportunities for important clinical work
regarding health implications of such food chain expo-
sure with its preponderance of higher chlorinated bi-
phenyl homologs.
Another fish-eating population has been more exten-
sively characterized in Triana, AL. This population of
600 rural black residents was invited to participate in
a cross-sectional health survey in 1979 because of its
unusual exposure to DDT-contaminated fish taken
downstreamfrom adefunctDDT-manufacturingfacility
(17). Mean fish consumption among the 499 community
volunteers and nearby commercial fisherman had been
4.3 fish meals per month until the extensive publicity
about the DDT contamination of fish 6 months before
thestudy. ThegeometricmeantotalDDTlevelinserum
was 76 ng/mL (arithmetic mean 159), with individual
levels ranging from <1 to 2820 ng/mL. For rough com-
parison, the U.S. populationgeometric meantotal DDT
concentration in serum is 22 ng/mL (18). During labo-
ratory analysis of serum samples for DDT, excessive
levels of PCBs were suspected and 458 sera were sub-
sequently analyzed for PCB levels (14).
The geometric mean PCB level in Triana was 17.2
ng/mL, ranging from 3.2 to 158 ng/mL. The arithmetic
mean was 22.2 ng/mL. Thus, the average PCB level
exceeded those found in most large population studies
conducted recently, although the Triana average was
comparable to that found for 110 volunteers in Bloom
ington, IN (5,14)andtherecentmedianamongMichigan
sportsfishers discussed above. Comparisons offindings
among specific populations are made difficult by differ-
encesinageandsexdistributionsamongthepopulations
studied. In the Triana data set, a striking age and sex
dependence of mean values for subgroups was evident
(Fig. 1). Mean PCB levels increase with age, and males
have higher mean PCB levels than females in each age
group in the PCB data from the Michigan PBB cohort
as well (Fig. 2).
No major point source of PCBs was found for fish
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taken in Indian Creek near Triana, although low levels
were found in a variety ofenvironmental samples, con-
sistent with the receipt ofdrainage from Redstone Ar-
senal and Huntsville, a city of about 140,000 persons.
PCB levels in Triana participants were related to con-
sumption oflocally caught fish. Six catfish taken in In-
dian Creekhad an average PCB level of3.64 mg/kg and
12 fish taken at another time had an average PCB level
of1.08 mg/kg. Despite these low levels ofPCB contam-
ination in fish, at least compared to the Food and Drug
Administration's PCB tolerance of5 mg/kg, 36% ofthe
Triana study population had serum PCB levels higher
than 20 ng/mL. Thus, long-term ingestion of halogen-
ated hydrocarbons in fish can result in accumulation of
human body burdens substantially higher than those
found for most general population samples.
In summary, the best information available at this
time suggeststhatgeometic mean ormedianPCB levels
encountered in general population samples without oc-
cupational exposure are normally less than 10 ng/mL,
although age and sex standardizations are crucial. No
representative weighted cross-sectional data exist for
the PCB levels in the U.S. population, as are available
for other chlorinated hydrocarbons such as the DDT
family. Certain groups which eat large amounts of fish
may have members who accumulate PCBs tolevels usu-
ally associated with occupational exposure, even when
the level of fish contamination by PCBs is within the
tolerancesetbytheU.S. FoodandDrugAdministration.
Health Effects
Only two studies ofgeneral population volunteers have
attempted to correlate serum PCB levels with health
indices derived from questionnaire data and bio chem-
ical clinical laboratory measurements (5,14). Baker et
al. (5) showed that plasma triglyceride levels increased
significantly with serum PCB levels in both alcohol
drinkers and nondrinkers. In the Triana study, serum
cholesterol was positively associated with serum PCB
levels, independent of other major predictors of PCB
level such as age, sex, fish consumption, body mass
index, and alcohol consumption. In turn, the PCB level
was a significant predictor of serum cholesterol inde-
pendent of triglyceride level and age. The weak cor-
relation between log-transformed PCB and triglyceride
levels disappeared when controlled for cholesterol and
y-glutamyl transpeptidase (GGTP) levels. No relation
was found between log-transformed PCB and high-den-
sity lipoprotein (HDL) cholesterol.
Workers with occupational exposure to PCBs result-
ing in higher average serum PCB levels and substan-
tially greater ranges of PCB concentrations have also
been evaluated for subelinical associations with serum
lipids and other health indices (Table 3). Chase et al.
(8) found a significant correlation between plasma PCB
and serum triglyceride level independent of age but did
not find a correlation with cholesterol level or choles-
terol subset. Adipose PCB levels were not associated
with plasma triglycerides. Smith et al. (23) found a pos-
itive correlation of serum PCB level with plasma tri-
glycerides and anegative correlationwithplasma HDL-
cholesterol.
The interpretation of the relationship between PCB
levels and serum lipids awaits additional work. Serum
levels ofPCB and other halogenated hydrocarbons (17)
may depend on varying serum-adipose partition as a
function ofbloodlipid content. Alternatively, subelinical
hepatic effects ofPCBs may impair the liver's ability to
transport or metabolize lipids in a normal fashion.
Nearly all the studies in which sensitive clinical lab-
oratory measurements were performed have noted as-
sociations between PCB levels and hepatic enzymes.
Baker et al. (5) found arelation between PCB and GGTP,
which was eliminated in his small population by control
of alcohol use. No relation was found with other liver
function tests such as serumglutamic oxaloacetic trans-
aminase (SGOT), serumglutamicpyruvictrans aminase
(SGPT), serum lactic dehydrogenase (LDH), alkaline
phosphatase, or bilirubin. Similarly, in the Triana pop-
ulation, only GGTP and not bilirubin or SGPT, was cor-
related with serumPCB levels, and thisrelation existed
independent ofalcohol consumption and age (14). Chase
et al. (8) found a correlation between SGOT and plasma
Table 3. Serum polychlorinated biphenyl concentrations in populations with occupational exposures.
PCB levels, ng/mL
Number of Arithmetic Geometric 95% confidence
Facility subjects mean mean interval Range Reference
Railway car maintenance 86 33.4 10-312 Chase (8)
Capacitor plant 34 394a 234-554 Trace-1700 Ouw (19)
Capacitor plants 290 124b 67b 98-150c 6_2530b Fischbein (20)
48C 21C 38-58C 1-546b Wolff (21)
Capacitor plants 80 342a 41-1319 Maroni (22)
Capacitor plant 221 ll9b 1_3330b Smith (23)
25.3c 1-250c
Public utility 14 -- 15-39" 5-52" Smith (23)
24C 16-35c 7-24c
Private utility 25 22b 17-25b 9_48b Smith (23)
29C 20-43C 7-250c
aBlood level.
bLower PCB homologs.
cHigher PCB homologs.
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PCB independent of age or length of employment; adi-
pose PCB levels did notcorrelate with SGOT. Hisgroup
did not report correlations between plasma PCB and
GGTP, SGPT, LDH, alkaline phosphatase or bilirubin.
Smith et al. (21) found positive correlations between
serum PCB levels andboth SGOTand GGTP. Similarly,
Fischbein et al. (20) found a relation between plasma
PCB and abnormal SGOT levels intwobytwoanalyses,
which they could not demonstrate for SGPT, GGTP,
bilirubin or LDH. Ouw's group (19) found 5 of 34 ca-
pacitor plant workers to have SGPT values above the
normal range, as well as four of seven abnormal bro-
mosulfthalein retention tests amongworkerswith blood
PCB levels between 100 and 580 ng/mL. Maroni et al.
(22) also noted abnormalities of a variety of liver func-
tion tests, the prevalence of which increased with in-
creasing blood PCB level. GGTP, transaminases, and
serum ornithine carbamoyltrans ferase were abnormal
in decreasingnumbersofworkers; bilirubin and alkaline
phosphatase activity were normal in all workers. Thus,
measures of liver enzyme induction such as GGTP are
most commonly found to be associated with PCB level,
independent ofother inducers such as alcohol. Only oc-
cupationally exposedgroupswith ahigherrangeofPCB
levels have been shown to demonstrate associations with
indicators of possible hepatocellular damage such as
SGOT or SGPT. Indices of obstructive liver disorders
have not been demonstrated even in occupationally ex-
posed groups.
The Triana study results have introduced the hy-
pothesis that PCBs may be related to blood pressure
measurements. As dependent variables, both systolic
and diastolic blood pressure measurements were pre-
dicted by PCB levels when controlled for major con-
founders including age, sex, body mass index, and
socioeconomic class (14). The associations between serum
DDT levels and blood pressure measurements were not
maintained aftercontrolofthesemajorconfoundingvar-
iables. However, the collinearity ofDDT and PCB serum
concentrations (14,17) in this rural population, exposed
to both chemical families through consumption of con-
taminatedfish, precludes anycertaintyregardingwhich
family of chlorinated hydrocarbons may be correlated
with blood pressure.
Other investigators have raised the possible relation
between chlorinated hydrocarbons and blood pressure.
Radomski et al. (24) reported elevated DDT concentra-
tions inadipose tissue ofcases dyingwith hypertension,
portal cirrhosis, and carcinoma; although the latter two
diseases are commonly associated with cachexia, which
could account for elevated adipose tissue levels, no such
association was expected or found for hypertensive dis-
ease. Sandifer and Keil (25,26) found that systolic and
diastolic blood pressures were elevated in 30 pesticide
workers when compared to controls matched by age,
race, sex, physicalactivity, weight, andheight. Systolic
and diastolic blood pressures correlated with plasma
p,p'-DDT and p,p'-DDE. Morgan et al. (27) found in a
4-to 6-year followup of2620 pesticide workers and 1049
controls thathigh serum organochlorine pesticide levels
were associated with the subsequent appearance ofhy-
pertension. Another group has also found a correlation
between diastolic blood pressure and DDE and dieldrin
levels after adjusting for racial variation and correcting
forageandsexeffects;theseassociationswereobserved
inaHawaiianpopulationof10,951 subjects(28). Finally,
Wassermann et al. (29) reported that 9 of 18 cases of
toxemia had high PCB levels in comparison with 12
women with normal pregnancies. The diagnosis of tox-
emia of pregnancy is made when a pregnant woman
develops hypertension, proteinuria, and edema. Tox-
emia occurs predominantly in primigravidae, but seven
ofthe nine cases with high PCB levels were multiparae.
These five studies and the Triana results certainly de-
serve corroborationusingbettermethodologyingroups
withunusualexposuretopolychlorinated hydrocarbons.
Long Latency Health Effects
In light ofthe meager efforts to characterize the ex-
posure and subelinical effects of PCB exposure in oc-
cupational groups and in subgroups of the population
withunusualfoodchainexposure, itcomesasnosurprise
that long latency health effects of these exposures are
unknown. The variety of clinical findings in Yusho pa-
tients, followed since 1968, are only indirectly relevant
to known U.S. exposures, since the Japanese rice oil
was contamined with the more toxic dibenzofurans in
addition to PCBs.
In the U.S., only one cohort exposed to PCBs has
been investigated for mortality experience (30). Work-
ers in two capacitor plants (2567 persons) contributed
39,018 person-years, with all-cause mortality and all
cancer mortality being lower than expected. Excesses
ofrectal and liver cancer were observed, although nei-
ther excess was statistically significant. In one of the
plants, a statistically insignificant excess of death due
to liver cirrhosis was also noted. No excess of circula-
torysystemdeathswasnoted. However, the smallnum-
berofdeaths inthis cohort to date results in insufficient
power to clear concerns regarding the carcinogenicity
or other long latency health effects from PCB exposure
(23). Forexample, the powerofthisretrospective study
to detect 2-fold and 3-fold increases in risk for death
from liver cancer was 13 and 33 percent respectively;
inriskfordeathfromlivercirrhosis, the powertodetect
2-fold and 3-fold increases was 50% and 97%. Clearly,
small cohorts, with average PCB exposures less than
those typical for occupational groups, do not warrant
followup for mortality experience. In contrast, longer
followup of this established occupational cohort is
mandatory.
Research Directions for Population
Studies
Although little question remains regarding the uni-
versal low level contamination of U.S. populations by
polychlorinated biphenyls, much work remains to be
done to characterize the risk of special subpopulations
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withunusual opportunities toaccumulate PCBsviafood
chain contamination or occupation. Unfortunately, we
know nothing about human excretion of the most per-
sistent congeners in the PCB family, DDE, and the
polybrominated biphenyl family. Profound difficulty in
excretion of body burdens is suggested by many data
sets in which mean levels increase with age or, more
properly, duration of exposure (6,8,14,17,21). In this
regard, the Michigan PBB cohort and Triana cohort
offer unusual opportunities to study decrements in hal-
ogenated hydrocarbon concentrations over time. In
Michigan, PBB exposure was limited to a2-year period
in 1973-1974, and median decrements in serum levels
over both 1-and 2-yearintervals were only 1 ng/mL. In
Triana, the population's common source of DDT and
PCBs was local fish, which is no longer being consumed
by most residents. Since ambient pollution results in
mixed accumulation of such persistent chemicals in all
persons, several such populations, each with a predom-
inant exposure, could be studied to advantage and for
comparison. However, meticulous attention to quality
assuranceandcomparabilityofmeasurements overtime
is required for study ofPCB decrements. The 1973 and
1980 studies ofMichigan sportsfishers (Table 2) cannot
be compared because the Aroclor standards used in an-
alytical procedures were not comparable. Optimally,
quality assurance standards, including pooled serum,
should be available for the duration of a longitudinal
study.
Some questions regarding subelinical biochemical as-
sociations with PCB concentrations require further un-
derstanding ofserum-adipose partition. Inthis regard,
the finding by Chase et al. (8) that plasma PCB level,
but not adipose concentration, correlated with plasma
triglycerides suggests that the association may be un-
related to body burden. Rather, persons with higher
fat content in the blood may simply partition their body
burden ofPCBs to favor higher PCB concentrations in
blood. One simple way of examining this hypothesis
would be to compare fasting and nonfasting serum PCB
and lipid levels. Indeed, no one has shown that serum
samples taken from fasting individuals are comparable
to samples drawn at random in relation to meals, an-
other potential difficulty in comparing results from dif-
ferent investigators or sequential cross-sectional
evaluations of the same population. Further work on
serum-adipose ratios may also reveal age-dependent or
gender-dependent partition of such compounds. Were
such differences by age or gender to exist, conclusions
about body burdens and health effects, presently based
onserumconcentrations, wouldneedmodification. Clar-
ification ofthe nature ofthe serum lipid-PCB correla-
tion is best done before cohort mortality studies for
heart disease are considered.
More sensitive and specific tests ofhepatic effects of
chlorinated hydrocarbons need trial in populations with
unusual exposure. Urinary porphyrin measurement is
a leading candidate for a new generation of screening
tests.
The acceleration of fecal excretion of Kepone with
cholestyramine is a paradigm for needed work with other
persistent halogenated compounds. Nonabsorbable fats
such as sucrose polyester have been proposed as pos-
sible means of decreasing body burdens of persistent
fat-soluble compounds, as well as decreasing dietary
absorption. Before documentation ofsuch a possible ef-
fect, fecal metabolites ofthese congeners must be char-
acterizedinpersonswithextremelylargebodyburdens.
Forexample, the Trianacitizen with aserumtotal DDT
level of2820 ng/mL and an adipose DDT concentration
of 638.5 mg/kg provides a unique opportunity for in-
vestigation of DDE metabolites in feces. Although in-
formation available at present would not appear to
warrant the possible long-term risks oftreatment with
nonabsorbable fats in persons with subclinical effects
from chlorinated hydrocarbons, information gained con-
cerning metabolism and excretion ofDDT congeners or
PCBs may be critical in our handling ofmore toxic body
burdens of more toxic fat-soluble chemicals.
Finally, the possibility that chlorinated hydrocarbons
may affect blood pressure has such public health im-
portance that it must be evaluated by investigators in
a variety of settings. Hypertension is largely respon-
sible for stroke, the third leading cause ofdeath in the
United States. As a risk factor for cardiovascular dis-
ease, hypertension contributes to a portion ofthe lead-
ing cause of death as well. Since the vast majority of
hypertension is of unknown etiology, any contribution
by environmental exposures is of particular interest.
Alternatively, the poorly understood physiology of es-
sentialhypertensionmayaffectmetabolismorexcretion
of these persistent compounds. Further evaluation of
exposed populations for any relation between chlori-
nated hydrocarbon level and blood pressure measure-
ment should incorporate methods such as the random
zero manometer and control of confounding variables.
The Triana population, industrial populations, and
PBB cohort in Michigan have been specifically men-
tioned as populations offering unique opportunities to
increase our knowledge ofaccumulation, excretion, and
subclinical and clinical effects of this diverse family of
man-made chemicals. The newly defined cohort ofMich-
igan sportfishers and controls and the cohort ofpersons
ingesting meat and dairy products from farms with PCB-
lined silos (4) are two other groups which should be
studied with good blood pressure measurements and
biochemical laboratory indices such as urinary por-
phyrins. Since all ofthese cohorts have been identified
and characterized, at least in part, contributions to our
understanding of chlorinated hydrocarbons are poten-
tially available at comparatively little cost in epidemi-
ologic effort.
REFERENCES
1. Jensen, S., andJansson, B. Numberandidentityofanthropogenic
substances known to be present in Baltic seals and their possible
effectsonreproduction. Ann. N.Y. Acad. Sci. 320: 436-448(1979).
2. Cordle, F., Corneliussen, P., Jelinek, C., Hackley, B., Lehman,
R., McLaughlin, J., Rhoden, R., and Shapiro, R. Human expo-
sure topolychlorinated biphenyls and polybrominated biphenyls.
Environ. Health Perspect. 24: 157-172 (1978).POPULATIONS EXPOSED TO PCBS 199
3. Finklea, J., Priester, L. E., Creason, J. P., Hauser, T., Hinners,
T., and Hammer, D. I. Polychlorinated biphenyl residues in hu-
manplasmaexpose amajorurbanpollution problem. Am. J. Publ.
Health 62: 645-651 (1972).
4. Humphrey, H. E. B. Population studies of PCBs in Michigan
residents. In: PCBs: Human and Environmental Hazards (F. M.
D'Itri and M. A. Kamrin, Eds.), Ann Arbor Science Publications,
Ann Arbor, 1983, pp. 299-310.
5. Baker, E. L., Landrigan, P. J., Glueck, C. J., Zack, M. M.,
Liddle, J. A., Burse, V. W., Housworth, W. J., and Needham,
L. L. Metabolic consequences of exposure to polychlorinated bi-
phenyls (PCB) in sewage sludge. Am. J. Epidemiol. 112: 553-563
(1980).
6. Kreiss, K., Roberts, C., and Humphrey, H. E. B. Serial PBB
levels, PCB levels, and clinical chemistries in Michigan's PBB
cohort. Arch. Environ. Health 37: 141-147 (1982).
7. Drotman, D. P., et al. Human exposure to PCBs in southern
Idaho. Internal Report EPI-79-105-2, Centers for Disease Con-
trol, Atlanta, November 2, 1981.
8. Chase, K. H., Wong, O., Thomas, D., Berney, B. W., and Simon,
R. K. Clinical and metabolic abnormalities associated with oc-
cupational exposure to polychlorinated biphenyls (PCBs). J. Oc-
cup. Med. 24: 109-114 (1982).
9. Vernon, A. A., et al. High levels ofpolychlorinated biphenyls in
serum specimens, Kansas. Internal Report EPI-80-23-2, Centers
for Disease Control, Atlanta, November 16, 1981.
10. Humphrey, H. E. B. Evaluation of humans exposed to water-
borne chemicals of the Great Lakes. Final report for EPA Co-
operative Agreement CR807192, 1983.
11. Condon, S. K. (Commonwealth of Massachusetts Department of
Public Health). Personal Communications, August 25, and 28,
1983.
12. Reid, D., and Fox, J. M. Polychlorinated biphenyl report, Old
Forge, Lackawanna County, Pennsylvania Department of Health,
Division of Environmental Health, April 1982.
13. Welty, E. R. (CDC). Personal communication, August 8, 1983.
14. Kreiss, K., Zack, M. M., Kimbrough, R. D., Needham, L. L.,
Smrek, A. L., andJones, B. T. Association ofblood pressure and
polychlorinated biphenyl levels. J. Am. Med. Assoc. 245: 2505-
2509 (1981).
15. CDC. Polychlorinatedbiphenylexposure-Idaho, Montana. Mor-
bid. Mortal. Weekly Report 28(38): 449-450 (1979).
16. CDC. Follow-up on polychlorinated biphenyls exposure-Idaho,
Montana. Morbid. Mortal. Weekly Report28(47): 559-560 (1979).
17. Kreiss, K., Zack, M. M., Kimbrough, R. D., Needham, L. L.,
Smrek, A. L., and Jones, B. T. Cross-sectional study of a com-
munity with exceptional exposure to DDT. J. Am. Med. Assoc.
245: 1926-1930 (1981).
18. Kutz, F. Unpublished data from the 2nd Health and Nutrition
Examination Survey, March 1983.
19. Ouw, H. K., Simpson, G. R., and Siyali, D. S. Use and health
effectsofAroclor 1242, apolychlorinated biphenyl, inanelectrical
industry. Arch. Environ. Health 31: 189-194 (1976).
20. Fischbein, A., Wolff, M. S., Lilis, R., Thornton, J., and Selikoff,
I. J. Clinical findings among PCB-exposed capacitor manufactur-
ing workers. Ann. N.Y. Acad. Sci. 320: 703-716 (1979).
21. Wolff, M. S., Fischbein, A., Thornton, J., Rice, C., Lilis, R., and
Selikoff, I. J. Body burden of polychlorinated biphenyls among
persons employed in capacitor manufacturing. Int. Arch. Occup.
Environ. Health 49: 199-208 (1982).
22. Maroni, M., Colombi, A., Arbosti, G., Cantoni, S., and Foa, V.
Occupational exposure to polychlorinated biphenyls in electrical
workers. II. Health Effects. Brit. J. Ind. Med. 38: 55-60 (1981).
23. Smith, A. B., Schloemer, J., Lowry, L. K., Smallwood, A. W.,
Ligo, R. N., Tanaka, S., Stringer, W., Jones, M., Hervin, R.,
and Glueck, C. J. Metabolic and health consequences of occupa-
tional exposure topolychlorinated biphenyls (PCBs). Brit. J. Ind.
Med. 39: 361-369 (1982).
24. Radomski, J. L., Deichmann, W. B., and Clizer, E. E. Pesticide
concentrations in the liver, brain and adipose tissue of terminal
hospital patients. Food Cosmet. Toxicol. 6: 209-220 (1968).
25. Sandifer, S. H., and Keil, J. E. Pesticide exposure: association
with cardiovascular risk factors. In: Trace Substances in Envi-
ronmental Health, Vol. V (D. D. Hemphill, Ed.) University of
Missouri, Columbia, MO, 1972, pp. 329-334.
26. Sandifer, S. H., Keil, J. E. Finklea, J. F., and Gladsden, R. H.
Pesticide effects on occupationally exposed workers. Ind. Med.
41: 9-12 (1972).
27. Morgan, D. P., Lin, L. I., and Saikaly, H. H. Morbidity and
mortality in workers exposed to pesticides. Arch. Environ. Con-
tam. Toxicol. 9: 349-382 (1980).
28. Budy, A. M., Rashad, M. N., and Mi, M. P. Effects ofpesticide
residues on blood pressure (abstract). Fed. Proc. 36: 1008 (abst.
3886) (1977).
29. Wassermann, M., Bercovici, B., Cucos, S., Wassermann, D., and
Ron, M. Storage of some organochlorine compounds in toxemia
ofpregnancy. Environ. Res. 22: 404-411 (1980).
30. Brown, D. P., and Jones, M. Mortality and industrial hygiene
study of workers exposed to polychlorinated biphenyls. Arch.
Environ. Health 36: 120-129 (1981).